Objectives-Ethylene glycol ethers and their acetates are widely used in industry, because of their hydrophilic and simultaneously lipophilic properties. Ethylene glycol ethers and their acetates are mainly metabolised to alkoxyacetic acids, but there is also a minor pathway through ethylene glycol to oxalic acid. The main pathway of ethylene glycol ethers is associated with significant clinical or experimental health effects and the minor pathway is also interesting because formation of urinary stones depends principally upon the urinary concentration of oxalate and calcium.
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Objectives-Ethylene glycol ethers and their acetates are widely used in industry, because of their hydrophilic and simultaneously lipophilic properties. Ethylene glycol ethers and their acetates are mainly metabolised to alkoxyacetic acids, but there is also a minor pathway through ethylene glycol to oxalic acid. The main pathway of ethylene glycol ethers is associated with significant clinical or experimental health effects and the minor pathway is also interesting because formation of urinary stones depends principally upon the urinary concentration of oxalate and calcium. Methods-Excretion of alkoxyacetic and oxalic acids was examined among silkscreen printers for an entire working week. The aim of the study was to evaluate alkoxyacetic acids as early indicators of exposure to glycol ethers and to evaluate their toxicity to kidneys. The load of alkoxyacetic and oxalic acids was compared with the excretion of calcium, chloride, ammonia, and glycosaminoglycans (GAG). Morning urine was chosen for the main analysis, as the overall metabolite, ethoxyacetic acid (EAA), has a long elimination time from the body. Results-The excretion of calcium increased according to the urinary alkoxyacetic acid load. The excretion of ammonia and chloride was were all considered to be healthy. Urine samples were collected before and after the workshift in 56 instances and analysed for alkoxyacetic and oxalic acids, ammonia, calcium, and pH. Urinary analysis before a workshift was completed with assay of GAGs and chloride (table 1) . Twenty one office workers who were not exposed to ethylene glycol ethers were the control group. They were considered healthy and they gave urine samples before their workshift. Samples were not included in the study if the concentration of creatinine was below 2 mmol/l.
All of the collected urine samples were kept at -20°C before the analysis, and those obtained for the oxalic acid analysis were not stored with preservatives. Methoxyacetic acid (MAA), ethoxyacetic acid (EAA), butoxyacetic acid (BAA), and oxalic acid were analysed with the modified gas chromatographic method described by Sakai et al. 24 The coefficients of variation within assays (n = 5) for MAA, EAA, BAA, and OA were 9-2%, 2-6%, 1-4%, and 3A4%, respectively, at a concentration of 20 mg/l. Calcium was analysed with a spectrophotometer,25 ammonia with a reflectrometer26 and GAGs by the method of Savolainen.27 The workers were divided into four groups according to the alkoxyacetic acid burden. The purpose of the study was to evaluate the doseresponse relation between the exposure and excretion. The first group (> 100 mmol alkoxyacetic acid/mol creatinine) and second group (100-50 mmol/mol creatinine) were formed with two international limit values for EAA, 1 10 mmol/mol creatinine (American Conference of Governmental Industrial Hygienists (ACGIH) 1994-5),28 and 55 mmol/mol creatinine (Deutsche Forschungsgemeinschaft (DFG) 1994).29 Limits for the third and fourth groups were chosen to be 50-20 mmollmol and 20-0 mmol alkoxyacetic acid per mol creatinine. The limit value for EAA was chosen, because the portion of MAA, EAA, and BAA of total excretion of alkoxyacetic acids were on average 1-0%, 93-6%, and 5 4%, respectively.
The significance of the difference in the excretion of oxalic acid, calcium, ammonia, chloride, pH, and GAG between the exposed and unexposed groups was tested by analysis of variance (ANOVA). The results for the exposed group were repeated observations from the same set of people and for the unexposed group they were single values. The statistical differences between exposed and control groups of the excretions and excretion pattern were tested separately each day. The (22) 87 (27) 94 (35) 59 (23) 46 (17) Oxalic acid (mmol/mol creatine) 38 (3) 49 (11) 43 (5) 36 (4) 53 (8) Ammonia (mol/mol creatimine) Urinary alkoxyacetic acids and renal effects of exposure to ethylene glycol ethers (30) 166 ( significance of the difference in the excretion patterns between exposed and control groups were tested with multivariance analysis, which included oxalic acid, calcium, ammonia, and pH, because they had same control group. The tendency (T) for subjects to form stones was estimated by calculating the shortest distance (D) of calcium (= x1) and oxalic acid (= y,) values from the supersaturation curve {x, (3655907,93a-097)(x -97)} by a computer program (Mable V, Waterloo Mable Software, Waterloo, Ontario, Canada) for symbolic mathematics. For each subject a saturation curve was corrected according to the excretion of creatinine (a). Distances were (3) 68 (4) 185 (19) marked negative for subjects who exceeded the saturation point (x, > x). The T was calculated by the equation T = 1/D(mean) .30
Results
The results were separated into urine analyses before and after the shift. The analysis after the shift did not show any dose-response relation between the alkoxyacetic acid burden and the excretion of calcium, ammonium, or the pH. The urinary excretion of alkoxyacetic acids increased during the working week and the highest levels of excretion occurred on Friday evening. The highest peak of oxalic acid was on Monday, Thursday, and Sunday mornings (table 2) , and the excretion of calcium seemed to follow the alkoxyacetic acid burden (fig 2) . The excretion of chloride was higher among the exposed workers than among the controls ( fig  2) . The excretion patterns of exposed workers differed moderately from those of controls on Thursday and significantly on Sunday morning (table 2) . The mean excretion of GAG seemed to decrease from the control group to the second most highly exposed group but the mean excretion in the most highly exposed group was by far the greatest (fig 2) . The excretion of glycosaminoglycans (y) correlated positively (y = 120 74x + 48-34, r = 0 75) with that of calcium (x) in this group (fig 3) .
The calculated distance (mean (SEM)) from the supersaturation curve were among unexposed workers, silkscreen printers before the shift, and silkscreen printer after the shift (149 (20) , 62 (9) , and 104 (18) respectively). The mean tendencies to form urinary stones were 0-006, 0-016, and 0-010, respectively. 
Discussion
The urinary analysis after the shift did not show any significant differences between the exposed and unexposed workers (table 1) . This lack of correlation may have been caused by the long biological half life of the metabolites in the main metabolic pathway. The half life of alkoxyacetic acids decreases as the length of the alkyl chain increases. The half lives for MAA, EAA, and BAA are 71, 42, and six hours, respectively.2 31-33 This could also cause a metabolic adaptation to the generation of the organic acid metabolites in kidneys. Most of MAA, EAA, and BAA is not typically conjugated with glycine.3 Therefore, a significant reabsorption probably occurs also in the tubular section of the nephron. The liberation of ethylene glycol represents the minor metabolic pathway of ethylene glycol ethers. The half life of ethylene glycol is about three to eight hours and the highest peak occurs in blood one to four hours after exposure.34 Therefore, it seems that the end metabolite of ethylene glycol, oxalic acid, does not accumulate during a working week when the doses of ethylene glycol ethers are moderate.
A formate and chloride exchanger protein has been isolated from the kidney membrane fraction.35 It may also accept anions other than formate or oxalate in the exchange system, as in our study the urinary chloride concentration followed that of acids (fig 2) . The exchanger was inhibited by furosemide, and one wonders what effects its use would have on the kinetics of alkoxyacetic acids. In one case of intoxication, a dose of furosemide helped the victim to survive a very high dose of formic acid. 36 It is interesting to note that the urinary ammonia increased with increasing urinary alkoxyacetic acid (fig 2) . It is possible that alkoxyacetic acids change the renal ammoniagenesis at high concentrations as does formic acid.20 As ammonia occurs in the urine primarily as NH4+ ion, its excretion would require the excretion of an equivalent number of anions such as chloride or phosphate. This link was also found in our study (fig 2) . Free ammonia is very toxic and it cannot be transported through the blood; therefore it is converted into to an amide group of glutamine by glutamine synthetase.
The highest urinary acid load is also associated with increased proteoglycan excretion, which may also reflect the toxicity of the glycol ether metabolites (fig 2) . The excretion of GAG seems to decrease with the load of alkoxyacetic acids in moderate exposure as was found to be the case in our previous study among car mechanics. 37 Baggio et al also found a lower GAG content in erythrocyte ghosts in patients who form stones than in normal people."I Calciuria could also qualify as a renal effect indicator because of the associated risk of nephrolithiasis. It is interesting to note that the proteoglycan excretion peak coincided with the highest rate of calcium excretion. It has been maintained that urinary proteoglycans prevent the crystallisation of urinary calcium salts. 38 The excretion of calcium increased with increasing alkoxyacetic acid. This occurrence in turn is positively correlated with that of GAG (fig 3) . The increase in urinary GAG may explain the finding that none of our cases had a history of urinary stone disease despite the fact that the urinary calcium and oxalate concentrations were at or above the supersaturation line in many cases.
Formation of urinary stones starts rapidly when the products of the reaction of oxalic acid with calcium exceeds the supersaturation level. The tendency to form crystals in urine samples can be estimated roughly by hyperbolic function30 (fig 4) . Urine samples taken before the shift showed a higher tendency to form urinary stones than did samples taken after the shift. The calculated results indicated a 2-4-fold higher tendency for urinary stones among silkscreen printers than among office workers in samples taken before a shift (fig 4) .
Dietary oxalate is thought to contribute 10% to 20% to urinary oxalate, 40% to 50% to endogenous metabolism, and the remaining 40% to 50% to the breakdown of ascorbic acid in the body.39 It is well known that hormonal fluctuation may contribute more to the variability in oxalate excretion than for example the dietary intake of protein. 40 A good example of a hormonal effect is the fact that women excrete more oxalate relative to creatinine than men. The prevention of urolithiasis through a decreased dietary intake of calcium and oxalic acid is controversial because a decreased intake of calcium and oxalic acid increases the intestinal absorption and urinary concentration of calcium and oxalic acid.4' The role of exposure has been found to have a causal relation to urolithiasis among railway shopmen,4' and also in occupational groups with low physical activity. A similar relation has also been found with exposure to high temperatures and an increased fluid loss.43
In conclusion, chronic occupational exposure to ethylene glycol ethers and their congeners is associated with important alkoxy and oxalic acids loads which alter renal function. The risk of urinary stones seems to be higher among silkscreen printers than among controls, and some of the changes are typical of chronic metabolic acidosis. It is very important to emphasise that ethylene glycol ethers are well absorbed through the skin and that analyses for their vapours mostly underestimate the exposure. Metabolites of ethylene glycol ethers also accumulate during the working week so that biological monitoring is the only means of obtaining an evaluation of total exposure. Our study also indicates the need, on the basis of renal effects, to establish a new biological exposure limit clearly below 100 mmol ethoxyacetic acids per mol creatinine, in the morning urine before a workshift, of people occupationally exposed to ethylene glycol ethers. 
